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HYDROCARBON AND NONHYDROCARBON DERIVATIVES OF CYCLOPROPANE

By VEeRNON A. SLABEY, Paur H. Wiss, and Louis C. GiBBONS

SUMMARY

The methods used to prepare and purify 19 hydrocarbon
derivatives of cyclopropane are discussed. Of these hydro-
carbons, 13 were synthesized for the first time. In addifion to
the hydrocarbons, sixz cyclopropylearbinols, five alkyl cyclo-
propyl ketones, three cyclopropyl chlorides, and one cyclo-
propanedicarboxylate were prepared as synthesis intermediates.

The melting points, boiling points, refractive indices, densi-
ties, and, in some instances, heats of combustion of both the
hydrocarbon and nonhydrocarbon derivatives of cyclopropane
were determined. These data and the infrared spectrum of
each of the 84 cyclopropane compounds are presenied herein.

The infrared absorption bands characteristic of the cyclo-
propyl ring are discussed, and some observations are made on
the contribution of the cyclopropyl ring to the molecular refrac-
tions of cyclopropane compounds.

INTRODUCTION

The synthesis and purification of cyclopropane hydro-
carbons was begun at the NACA Lewis laboratory in 1944 in
order to provide high-purity samples of substituted cyclo-
propanes for an investigation of the effect of molecular
structure on combustion characteristics and other properties
pertinent to research on fuels for aireraft propulsion systems.
The present report summarizes the research pertaining to
the synthesis of 19 hydrocarbon and 15 nonhydrocarbon
derivatives of cyclopropane.

Few general methods for preparing hydrocarbons which
contain the cyclopropyl ring are known. The method of

Gustavson, which involves the reaction of «,y-dibromides -

with zine dust in a protonic solvent, has frequently been used
(refs. 1 to 6):

Zn
of,

Tr I
CH,Br CH, CBH,
OHe—C—cm, 22, J:\ o
H,Br %, “oH,

A modification of the Gustavson reaction, in which mag-
nesium reacted in tetrahydrofuran with an «,y-dichloride,
was recently used to prepare methylenecyclopropane (ref. 7):
Cl—CH, M ng
C=CH, ——g—> J: C=CH,
Cl—CH,

2

The pyrolysis of pyrazolines has also found limited use for the
preparation of certain cyclopropanes (refs. 8 to 11):

CH: CH;, CHs CHs
N o/ : \C/
H,c/ \NH BoR l\CH—CHa
cr—b—n T

A method reported by Whitmore and co-workers (refs. 12
to 15) involves the removal of hydrogen halide from alkyl
halides in which the halogen atom is one carbon removed
from a quaternary carbon atom:

" CH, CH, CH,
. Na AN
CHy—C—CH:Cl —— L/C\
H3 CH!

In each of these methods the cyclopropane ring is formed
during the reaction.

Another approach to the synthesis of cyclopropane hydro-
carbons is that which involves the conversion of nonhydro-
carbon derivatives of cyclopropane to the corresponding
hydrocarbon derivatives. For example, some of the carbinol

" derivatives of cyclopropane have been dehydrated with acidic

catalysts to the corresponding cyclopropylalkenes (refs. 16
to 20):

CH, CH,
l\C H—é—CHa —_
&,

H
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2

Exhaustive methylation of cyclopropylcarbinylamines also
has been reported to yield cyclopropylalkenes (ref. 21):

CH,
J} CH—(!!—CH, EH—"{
2 ' NH:
CH; , 2
l\CH—CH—CH, E)» l\CH—CH=CH,
1 I!I(CHa)aI : 2

In an analogous manner, cyclopropene has been prepared
from cyclopropylamine (ref. 22). For the preparation of
: 81
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certain cyclopropylalkanes, the Wolff-Kishner reduction of
cyclopropyl ketones has been used (refs. 23 to 25):

CH,
N N.H,
CH—C—CH; ——
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The usefulness of all the reactions described is limited by °
the availability of starting materials. With few exceptions,
the «,y-dibromides for the Gustavson reaction, the pyra-
zolines, the halides suitable for hydrogen halide elimination
reactions, and the nonhydrocarbon derivatives of cyclopro-
pane are not commercially available. Consequently, cyclo-
propane hydrocarbons generally have been prepared only in
limited research quantities. With the exception of cyclo-
propane itself, which hes been used as an anesthetic, none of
the cyclopropane hydrocarbons are available commercially.

The announcement during World War IT of the commercial
availability of methyl cyclopropyl ketone coincided with the
interest of the Lewis laboratory in the preparation of cyclo-
propane hydrocarbons. It was believed that this nonhydro-
carbon derivative of cyclopropane could be used to prepare
a series of cyclopropane hydrocarbons in the following
manner: The ketone was known to react with Grignard re-
agents to give methylalkyleyclopropylcarbinols (refs. 26
and 27):

CH, CH, CH,

Ve S Vi v

[R, hydrocarbon radical; X, halogen atom]

By using different R—X compounds for the preparation of
R—Mg—X, the length and the degree of branching of the
hydrocarbon chain could be varied. The methylalkylcyclo-
propylearbinols were known to dehydrate in the presence of
acid catalysts to the cyclopropylalkenes (refs. 16 to 20), al-
though the practicability of the reaction as a synthesis
method had not been established:

R—Mg—X

e —

CH, CH, CE: CH. CE, CH,
l\CH——JJ—R _— l CH—H}'—R + l/CH—(E=R(—H)
ﬁz H 2 H,

The selective hydrogenation of the cyclopropylalkenes to the

corresponding cyclopropylalkanes had not been investigated; -

but it was believed that by proper selection of catalyst, tem-

perature, and pressure, the desired hydrogenation could be
accomplished: '

CE, CH,
(L/C H—!)—R
H, '
or
CH, CH, CH, CH,
C H——-(JJ=R (—H) CH—CH—R

e =
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(Concurrently with the present research, the authors of refs.
28 and 29 attempted the. catalytic hydrogenation of 2-cyclo-
propylpropene and vinylcyclopropane. The catalyst and
the reaction conditions employed by them yielded the cor-
responding cyclopropylalkanes but also gave considerable
amounts of paraffinic hydrocarbons.)

A total of 12 cyclopropylalkenes and 5 eyclopropylalkanes
were prepared in this menner from methyl. cyclopropyl
ketone: ’

By dehydration of alkyleyclopropylearbinols.—
Vinylcyclopropane
2-Cyeclopropylpropene
2-Cyeclopropyl-1-butene
2-Cyclopropyl-1-pentene
2-Cyclopropyl-1-hexene
2-Cyclopropyl-3-methyl-1-butene
2-Cyclopropyl-2-butene (1. b.) '
2-Cyclopropyl-2-butene (h. b.)
2-Cyclopropyl-2-pentene (1. b.)
2-Cyclopropyl-2-pentene (h. b.)
2-Cyclopropyl-2-hexene (I. b.)
2-Cyclopropyl-2-hexene (h. b.)

(The abbreviations 1. b. and h. b. denote the low-boiling and
the high-boiling geometrical isomers, respectively.)

By hydrogenation of cyclopropylalkenes.—
2-Cyclopropylpropane
2-Cyclopropylbutane
2-Cyclopropylpentane
2-Cyclopropylhexane
2-Cyclopropyl-3-methylbutane

Of these 17 hydrocarbons, 12 were prepared for the first time.

In addition to the hydrocarbons, six cyclopropylcarbinols
were obtained as synthesis intermediates, and five oyclo-
propyl ketones were obtained from the ozonization of the
2-cyclopropyl-1-alkenes:

Cyclopropylearbinols from Grignard reactions.—
Dimethylcyclopropylcarbinol
Methylethylcyclopropylearbinol
Methylpropyleyclopropylearbinol
Methylisopropyleyclopropylearbinol
Methylbutylcyclopropylearbinol

Cyclopropyl ketones from ozonization of 2-cyclopropyl-
l-alkenes.— v

Methyl cyclopropyl ketone
Ethyl cyclopropyl ketone
Propyl cyclopropyl ketone
Isopropyl cyclopropyl ketone
Butyl cyclopropyl ketone

Cyclopropylearbinol from reduction of cyclopropyl ketone,—
Methyleyclopropylearbinol

Two other cyclopropane hydrocarbons, spiropentane and
the smallest of the dicyclic hydrocarbons, dicyclopropyl,
were prepared in the present investigation. Spiropentane
was obtained from the debromination of pentaerythrityl
tetrabromide, which was accomplished in a manner similar
to that described by Hass and co-workers for preparing
cyclopropane (ref. 30):

'S
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The preparation of dicyclopropyl involved the photochemical
chlorination of cyclopropane (ref. 31) and the reaction of one
of the chlorination products, cyclopropyl chloride, with
lithium in ether:

CH, CH.

l\CH,+ o, 2, L\CH—CI
ﬁz ﬁ!

CH, L SE CH,
\CH—CI e \CH—cﬁ
/7 AN -

H’ Ha

From the photochemical chlorination of eyclopropane,
two other cyclopropyl chlorides were isolated, namely,
1,1-dichlorocyclopropane and érans-1,2-dichlorocyclopropane.

Melting points, boiling points, refractive indices, densities,
and, in some instances, heats of combustion of the hydro-
carbon and nonhydrocarbon derivatives of cyclopropane
which were either prepared for the first time or isolated in a
higher state of purity than heretofore were determined. The
infrared spectra of the 34 cyclopropane compounds were also
determined, and each of the spectra is presented herein.
Some observations on the molecular refraction of cyclopro-
pane compounds are included in the report.

APPARATUS

The Grignard reactions were carried out in either a 10-
or o 30-gallon glass-lined reactor which was double-walled
so that the reaction temperatures could be controlled by
passing steam or cold or hot water between the inner and
outer walls. The reactors were equipped with efficient
motor-driven stirrers, high-capacity reflux condensers, and
stainless steel tanks from which liquid reactants were fed by
gravity into the reactors.

The column used in dehydrating some of the cyclopropyl-

carbinols consisted of a 2.5- by 90-centimeter pyrex tube
which was filled with 8 to 14 mesh alumina and heated by
resistance-element tube furnaces. Temperatures of the
furnaces were controlled by manual adjustment of variable
transformers between-the furnaces and the laboratory power
supply. Column temperatures were read from an indicating
potentiometer connected to thermocouples which were held
" in place against the outer walls of the pyrex dehydration
tube by means of copper strips. A bellows-type pump was
used to force the liquid carbinols into the top of the column;
the vaporized products issuing from the bottom of the column
were condensed by a water-cooled spiral condenser and
collected in a flask at room temperature. The flask in turn
was connected to a trap chilled with solid carbon dioxide
and acetone, so that products volatile at room temperature

could’also be collected.

A sketch of the assembly is shown
‘in figure 1. . :
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F1aurE 1.—Apparatus used in dehydrating cyclopropylearbinols over alumina.

The hydrogenation reactions were conducted in high-
pressure steel autoclaves of 1-, 3.4-, and 4.4-liter capacities.
The autoclaves were equipped with rocker-type shaking
mechanisms, resistance heaters, thermocouples and potenti-
ometers for determining reaction temperatures, and appro-
priate valves, pressure gages, and high-pressure lines for
introducing hydrogen into the vessels.

Fractional distillation columns were used in the purification
of intermediates and final products. For fractionations at
reduced pressures, 2.5- by 180-centimeter pyrex columns,
which were packed with ¥e-inch single-turn glass helices,
were used. Columns 2.2 by 180 centimeters, packed with
K¥-inch single-turn glass helices, were used for fractionations
of those intermediates which could be distilled at atmospheric
pressure and for the inifial fractionations of the hydrocarbons.
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For final purification of the hydrocerbons, 2.5- by 180

centimeter Podbielniak columns, operated at efficiencies in-

excess of 150 theoretical plates, were employed.

The ozonization apparatus, used in the identification of cy-
clopropylalkenes, was similar to that described in reference 32.
A 0.25 kilovolt-ampere transformer with an input of 120
volts and an output of 25,000 volts was used to supply
the necessary potential to the electrodes of the oZonizer
tube.

The apparatus for the photochemical chlorination of
cyclopropane was essentially the same as that described in
reference 31 except that the recyecling system weas eliminated.
The Teactor was constructed of 0.7-centimeter pyrex tubing
which was bent to form a plapar grid; total length of the
tubing was 470 centimeters. The reactor was illuminated
by two G. E. type-RS sun lamps placed directly in front of
the grid and mounted so that their distance from the grid
could be varied. The scrubbing towers for removing .the
hydrogen chloride and the chlorine from. the reaction prod-
ucts were constructed of 0.45- by 122-centimeter pyrex
tubing and were packed with ¥-inch Berl saddles to increase
the contact area. The flowmeters in the system were used
primarily to check the constancy of gas flows; quantities of
reactants were measured by loss in weight of the gas cylinders.
A sketch of the apparatus is shown in figure 2.
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Fi1GURE 2—Apparatus used for photochlorination of cyclopropane.

The infrared spéctrophotometer used in determining the
infrared spectra of the bydrocarbon and nonhydrocerbon
derivatives of cyclopropane was a Baird Associates double-
beam recording spectrophotometer equipped with a sodium
chloride prism. Liquid sample cells of 0.1-millimeter thick-
ness were used, and the spectra of undiluted samples and
also of samples diluted with either carbon tetrachloride or
carbon disulfide were obtained.

DISCUSSION OF SYNTHESES

Descriptions of the syntheses have been generalized in the -

following discussion; for detailed descriptions of each syn-

thesis, the reader is referred to the synthesis reports pre-
viously published (refs. 33 to 39).

ALKYLCYCLOPROPYLCAREBINOLS

Methyleyclopropylearbinol.—Five-mole quantities of
methyl cyclopropyl ketone were reduced by four methods:
(1) with sodium metal in 75-percent ethyl alcohol, (2) with
lithium aluminum hydride in ether, (3)-with hydrogen in
the presence of Raney nickel catalyst, and (4) with hydrogen
in the presence of copper chromite catalyst. The reactions
and products are summarized in the following table (ref. 33):

Molesof |Reaction| Molesof | Yield of | Yiold of
Reducing agent reducing | tempera-| ketone |carbinol, | pontanol-2,

agent ture, °C |recovered| percant | percont
Naandaqueousaleohol....| 14 ... 10-15 None 42 0
LiAlH; ... 2 35-45 None 76 0
Hs+Raney NL_________.._ Theoretical .| 90-125 0. 55 34 30
Hacopper chromite do 100 None 00 0
Do do. 120 Nono 87 0
B 5 7 YRR S do. 150 Nono 70 cn. 10

These data show that of the methods investigated, the hydro-
genation of methyl cyclopropyl ketone in the presence of
copper chromite catalyst was the most satisfactory for pro-
paring methyleyclopropylearbinol. The reduction with
lithium aluminum hydride was also acceptable for preparing
small quantities of the carbinol, although the yields were
not so high as those obtained catalytically with copper
chromite. Neither the reduction with sodium nor that with
Raney nickel was satisfactory because of the low yields of
carbinol obtained and also, in the latter method, because of
the formation of a close-boiling impurity, pentanol-2.

Methylalkyleyclopropylearbinols.—The methylalkylcyclo-
propylcarbinols were prepared in ether by the reaction of
methyl cyclopropyl ketone with the Grignard reagents of
appropriate alkyl halides. In general, the Grignard reagent
was prepared (in 2 to 5 percent excess) by adding the alkyl
halide to & suspension of magnesium metal in ether, then
adding the ketone to the QGrignard reagent, and finally
hydrolyzing the products of the reaction with saturated
aqueous ammonium chloride solution. The quantities of
reactants and the yields of the carbinols are summarized in
the following table:

Alkyl halide kagt}ggr Cyelopropylearbinol gx{gloc:{t Roferenco
Methyl ehloride. ... 150 Dlmethyl. oo 64 M
Ethyl bromide.......... 20 Moethylethyl. .. - 77 34
Propyl bromide_.._._._. 150 Methylgmp 1. 51 kI
Butyl bromide_________. a7 Methylbutyl... —— 52 H
Isopropyl bromide...... 120 Methylsopropyl,.---.-- 81 36

Because no attempt was made to determine the reaction
conditions necessary for optimum yields of the carbinols,
any relations existing between yields of the carbinols and
their structures could not be deduced.

Halogenated impurities were found in all the carbinols.

"It has been suggested (ref. 28) that the use of an excess of

ammonium chloride in the hydrolysis of the Grignard
product is responsible for the halogenated impurities.
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Although ammonium chloride may affect the extent of the
side reaction ywhich yields the halogenated impurities, a
simple metathesis of the carbinols and the ammonium
chloride does not appear to be the source of the impurities.
For example, in the preparation of methylethylcyclopropyl-
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Fiaurg 3.—Infrared spectra of cyclopropylearbinols. Lignid phaso; 0.1-millimeter cell.
Upper trace, dfluted 1:10 with carbon tetrachloride; lower trace, undfilnted.

=
{4t
—a 3

-

ot | D>

o

N
=10
g
4
Nk
S
Tt
T

carbinol, the halogenated impurity was isolated and the
elemental analysis of it corresponded not to a chloride, but
to a bromide, C;H;3;Br. The infrared spectrum of the im-
purity indicated the basic structure to be that of a type IV
olefin (R,R’C=CHR’’) rather than a cyclopropane deriva-
tive. The impurity was presumed to be 1-bromo-4-methyl-
3-hexene; a similar structure was obtained when dimethyl-
cyclopropylcarbinol was treated with hydrogen halide
(vef. 40). The halogenated impurities were removed from
the carbinols by refluxing them with alcoholic sodium hy-
droxide, removing the precipitated sodium halide by extrac-
tion with water, and fractionating the carbinol at reduced
pressure.

- The physical properties "of the cyclopropylcarbinols are
compared in the following table with those properties
previously reported:

Melting Bolling an
- 9.
Cyclopropylearbinol pglat, po}né . ni, g/ml Reference
Meothyl-c oo —3L 04 12,5 1.4318 0.8836 3
Literature.._.......... —-32.1 123.5 1.4316 . 8803 29
Dimethyl-. ... ™ 123.7 1.4335 8789 34
Literature. —43.0 123. 4 1.4337 8842 23
Moethylethyl-______... (O] 142.3 1.4413 8807 H
Lteratare.____________| ... 143.4-143.8 1. 44163 88585 26
(776 mm)
Methylpropylk-........ (O] 163.5 1. 4438 8763 84
terature.___________..| oo __ 163. 5-163.9 1.44344 87721 28
(761 mm)
Methylbutyl___..___. Q)] 183.7 1. 4468 .8785 H
Literatare......______| ... 182-183 1. 44514 87447 26
(752 mm)
Methylisopropyl-....—| 9 160.3 1. 4485 8856 35

« Pressare, 760 mm Hg unless otherwise noted.
¢ Equilibrium melting carves conld not be obtatned.
¢ Formed glasses.

The infrared spectra of the cyclopropylearbinols are shown
in figure 3; characteristic absorption for the hydroxyl group
is observed between 2.8 and 3.0 microns and for the cyclo-
propyl group, between 9.75 and 9.80 microns.

CYCLOPROPYLALEENES

The cyclopropylalkenes were prepared by dehydrating the
appropriate-alkyl- or methylalkycyclopropylcarbinols. Two
methods of dehydrating the carbinols were investigated:

Alumina,—The carbinol (in some cases, dissolved in tol-
uene) was passed at a rate of 5 to 10 milliliters per minute
through a 2.5- by 120-centimeter pyrex tube which was
packed with 8 to 14 mesh alumina and heated to between
200° and 300° C. A sketch of the apparatus is shown in
figure 1. )

The yields of products and the reaction conditions for the
dehydration of methylcyclopropylearbinol are summarized
in the following table (ref. 36):

Yield of products, percent
Co tum.tem Rgf' m 2-Methyl-
a N - ethy
min | propene | Isoprene 13-Fen- | %oirahy-
R propane | tadlenes | g onan
265-280. ... 10 1 1 52 4
285300 .o 10 4 3 5 5 4
285-300. ... i} 3 38 ; 3

In each of these experiments the carbinol was dissclved in an
approximately equal volume of toluene, and the solution
was passed through the dehydration column.



86

It can be seen from the data presented in the table that
although increasing the temperature from the range 265° to
280° C to the range 285° to 300° C increased the yields of
products to some extent, the change in rate of introducing
the solution. of carbinol into the dehydration column had a
much greater effect on the yields of products. At the lower
rate the yield of vinyleylopropane was significantly reduced,
and the yields of other products except the tetrahydrofuran
and isoprene were increased. The decomposition and isom-
erization of vinylcyclopropane in the presence of alumina
has not been investigated; therefore, it is not known whether
the increase in the yields of propene and 1,3-pentadienes at
the lower rate is caused by decomposition and isomerization
of vinylcyclopropane or by isomerization of the methylcyclo-
propylcarbinol and subsequent dehydration of the resultant
carbinol.

Several methylalkylcyclopropylcarbmols were also de-
hydrated by passing the pure carbinol or, in the case of
dimethylcyclopropylearbinol, a toluene solution of the car-
binol, over alumina at a rate of 5 milliliters per minute and
at temperatures between 200° and 250° C. 'With the excep-
tion. of dimethylcyclopropylearbinol, the dehydration of all

T { T
Dehydrating agent
. L46 o Alumina
o Sulfuric acid
.45 l mo.nozﬁfr_— °5
144 I ,
Methylbutylcyclopropylcarbinol
.43
145 d,_o_"
= |
.44
£ 143 ‘
:. —l Methylpropylcyclopropylcarbinol
S 142
£
=< .
=
g‘ L45
R Lon<BBY
rn-q?—q:m—m-mo—‘h@-m"'w
& .44 fa
1.43
.l Methylethylcyclopropylicarbinol
s L42
144 ———
.43
= J.)—-F—DjJ - ?| c
1.42 -
Dimethylcyclopropylcarbinol __J,
{ { | |
Lg— 20 40 60 80 100

Distillate, percent by weight
FIGURE 4.~Distillation of products from debydration of methylalkyleyclopropylcarbinols.
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the methylalkylcyclopropylearbinols investigated gave mix-
tures of 2-cyclopropyl-1- and 2-alkenes. Dimethylcyclo-
propylearbinol gave in addition to 2-cyclopropylpropene
small amounts of methylpentadienes and 2,2-dimethyltetra-
hydrofuran. The yields of 2-¢yclopropylalkenes from each
of the carbinols are given in. the following table:

N Coldmn
[s; pyl- |temper-| Oyclopropyl- | Yield Cyclopropyl- | Yleld, | Refer-
carbinol atotge, -algm percen't Mlg?my porcon't oncs

Dimethyl......{ 200-250 | 2-Cyclopropyl- 57 34
ropene. )

Methylethyl-..| 200-250 | 2 mapropyl- 32 2- O%clopropyl- 47 34

Methylpropyl-| 225-250 2-(13yclopropyl- 30 }Oydo&rgpyl- 38 M
-pentene.

Methylbutyl-| 225-250 | 2- propyl- 41 2-0 c]opropyl- 37 M
1-hexene. exene.

Methylisopro-| 200-250 | 2-Cyclopropyl- 64 _ 2-0yclo pyle ¢ 38

pyl- 3methyl-l- 3methyl-2-
butene. butene,

These dats indicate that in general the yields of the
2-cyclopropyl-1-alkenes increase as the length of the alkyl
chain increases, while the yields of the 2-cyclopropyl-2-
alkenes decrease. The presence of branching at the carbon
adjacent to the hydroxyl group also increases the yield of
the l-alkene and decreases the yield of the 2-alkene.

Sulfuric acid.—In the dehydrations of the methylalkyl-
cyclopropylcarbinols with concentrated sulfuric acid, 6 to
10 moles of the carbinol with 0.4 to 0.8 milliliters of acid
was heated to reflux in a flask attached to a 2.2- by 160-
centimeter fractionating column which was packed with
¥-inch glass helices. The dehydration products were re-
moved through a distilling head at the top of the column
as they formed. The only products obtained by this
method were the 2-cyclopropyl-1- and 2-alkenes. The
quantities of reactants and the yields of products are sum-
marized in the following table (ref. 34):

Car- 2-Oyelo- 2-0yulo-
Cyclopropyl- binol Acid, ropyl- Yield, pro Yield,
carbinol moles ml PPy s | percant “lf parcont
Dimethyl-_.______ 1] 0.4 -propene._. [i:: S AU [N
Methylethyl SO 8 .8 -butene .. 23 butene...
Methy]  SI 10 .4 tene.. 19 ntone. -
Mothylbotsl-| 10 8 |hexenoZ| oxeno.....| &7

From these data the length of the alkyl chain does not
appear to have a significant effect on the yields of the
2-cyclopropyl-1- and 2-alkenes.

A dependence of the yields of products on the method of
dehydrating the methylalkylcyclopropylearbinols is illus-
~trated by the distillation date presented in figure 4. In
the case of dimethylcyclopropylcarbinol, the dehydration
with sulfuric acid yielded only the 2-cyclopropylpropens,
whereas the dehydration -with alumina also gave small
quantities of a product of higher refractive index (probably
methylpentadienes) and a product of lower refractive index
(2,2-dimethyltetrahydrofuran). In the case of the other
carbinols, the dehydration with sulfuric acid did not give so
large a proportion of the 2-cyclopropyl-1-alkene as did the
dehydration with alumina.
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_ Distillation data are also presented for the products from
the dehydration of methylcyclopropylearbinol (fig. 5) and
for the dehydration of methylisopropylcyclopropylcarbinol
(fig. 6) with alumina. From methylcyclopropylearbinol,
propene and isoprene were obtained at the beginning of
the fractionation and 1,3-pentadienes and, 2-methyltetra-
hydrofuran at the end of the fractionation. From methyiso-
propyleyclopropylearbinol, only the 1-alkene (2-cyclopropyl-
3-methyl-1-butene) and a high-boiling residue were obtained.

With the exception of 2-cyclopropylpropene and 2-cyclo-
propyl-3-methyl-1-butene, the cyclopropylalkenes were puri-
fied by azeotropic fractionations with appropriate entrainers
in the Podbielniak columns after preliminary fractionations
at efficiencies of 50 to 60 theoretical plates. Agzeotropic
fractionation was found to be necessary in order to separate
geometrical isomers and close-boiling impurities from the
cyclopropylalkenes. In the following table pertinent phys-
ical properties of the hydrocarbons, the entrainers, and the
azeotropes are given:

Azreotrope
Cyclopropylalkens 7%p Entrainer n¥p ’B olling
np pgigt,
Vinyleyclopropane.......... 1.4138 | Ethanol.......| 18614 1. 4105 39
2-Cyclopropyl-l-hutene.....| 1.4319 |._... do__...... 1.3614 13975 73
2- Oy‘c]o opyl-2-butone 1.4428 |._... L[> SO 1.3614 1. 3950 75
2 yog)gmpyl-%butono 1.4474 |_____ d0e......| 1.3614 1 3957 (i}
2-Oytlopropyl-1-pentense....| 1.4362 | Propanol......| 1.3854 1. 4038 95
2-Olycgopropyl-2-pentane L4468 | do.— ... 1.3854 1. 4029 i3
2- yollt)) pyl-2-pentene L4502 |.—o.doo— .| L3854 14023 96
yclopropyl-l-hexene._.. 1.4403 | Cellosolve__.__| 1.4079 14215 131
2-Oyclopropyl-2-hexene L4480 ... do. . 1. 4079 1. 4239 132
2 a]y'o]l;)gropyld-hexane 1.45290 |- do__._..| L4070 1.4249 132
&£ -lo9 140
E mp.
a —
o —0
c
2 oo

Boiling point, °C

.46
r -

: 60
L2 j |
& b.p
: 1.44
3
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2
: i
& .42
] o p

T

o] 20 40 60 80 100
Distillate, percent by weight

F1aURE 6.~Distillation of products from dehydration of methyleyclopropylearbinol over
alumina at 265° to 280° O.
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F1GURE 6.—Distfllation of products from dehydration of methylisopropyl-
) cyclopropylearbinol over alumina, Distillate, 1120 grams.

The physical properties of the cyclopropylalkenes are
given in the following table. In those instances in which
the compound has been previously reported, reference is
made to the properties obtained by other investigators.

Melting | Bofling o, |Netheator
Oyelopropylalkeno polnt, polnte, oo gfml m{‘,‘&"’"‘
c c kcal/ mole
Vlnyluyclopropane ..... -—109.82 40.19 1.4138 0. 72105 720
20 m—ae —112.8 40, 41 1 4158 7160 ————
Ref . 40.0-40.2 | 1.4172 72(18°0) | oo
(765 mm) | (15°0)
clopropylpropem_. —102. 34 70.33 1. 4255 . 75153 875
Ref. 28 e ~102. 36 70. 41 L 4254 7614 - | o
Ref. Z)- 60.5-70.0 | 1. 42524 . 74099 —————-
(751 mm)
2-Cyclopropyl-1-butene.| b—g% a 08. 57 1. 4319 . 76820 1,025
Ref. 20_ 103. 5-103.8 | 1. 43001 T2 | e
%Oydopmpyl 2-butene —07.83 108. 1. 4428 . 78100 1,020
og)ropyl -2-butene —74.07 107. 46 1. 4474 78746 | o
105. 5-108 | 1.44253 S04V o
2-chzg]113ropyl-1- —113.87 123. 04 1. 4362 . 77660 1,185
2~ yelopro]}zyl -2- ~113. 65 128,61 14458 . 78402 1,185
’
2-8° clopro yl-2- —107.61'| 120.08 1.4502 iy S -
2- opropyl-l— jexenb.| —106.16 148.89 14403 JTBMT 1,320
Q—C;yngopropyl-:!-hemne QGlass 152.08 1. 4486 ;- 1.) S S
3Gy bb?ropyl-ﬂ—hexena —97.40 | 153.08 - | L4520 | .70666 1,305
2 COyclopropyls- —126.06 | 116.81 | 14837 | .77395 1,160
methyl-1-butense
sPressure, 760 mm unless otherwise stated.
bT'wo crystalline modifications were observed.
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The estimated melting points for zero impurity, the
depressions in melting points per mole percent of added
impurity, and the calculated purities of some of the cyclo-
propylalkenes are given in the following table:

..

Change in
Fating | poimtpar | Galea-
point per
Hydrocarbon ?nbmd point for ( mols per- ity »
point, °C meo cent of mola
purity. added reent
°0 impgorlty, per
Ot ropans T 9.0
opropy! -1 .
2-Cyclopropyl- butene__ .......... —119. 50 ——
2-Cyclopropyl-2-butene —07.62 | oemoee | oo
2-Cyclopropyl-2- butene —T7408 | coooeee | emaaee
2.Cyclopropyl-1- —1138.88 | momomeee | oo
clopropyl-z-pentene —113.56 | cecmccon | comoea
2-Cyclopropyl-2-pentene —107.43 R
opropyl-s—methyl-l butene 12508 | cocmcooc | ccceem
2-Cyclopropyl-1-hexens —=108.09 | oo | e

s Determined by the etrical construction of reference 41.
b Determined by ad known amounts of 1-frans-3-pentadiens.
© Value taken from reference 23.

Although the purities of only the first two cyclopropylalkenes
were calculated, it is believed that the purities of the others

listed in the table are better than 99 mole percent, because,

the differences in the estimated melting points for zero
impurity and the observed melting points are small. The
geometrical isomers of 2-cyclopropyl-2-hexene are not in-
cluded in the table, because the lower-boiling isomer could
not be crystallized and the melting curve of the higher-
boiling isomer was not of sufficient duration to make &
- reliable estimate of the melting point for zero impurity.

The infrared spectra of the cyclopropylalkenes from 2 to
16 microns are shown in figure 7. It can be seen that for
those molecules having a terminal C=C, the absorption for
the double-bond stretching frequencies occurs at 6.1+£0.02
microns; whereas for those molecules having an internal
C=C, the absorption occurs at a lower wavelength, 6.02+
0.02 microns. The intensity of the absorption is much
greater for the terminal double bond than for the internal
double bond. Characteristic absorption for the cyclopropyl
ring occurs at 9.78 microns in those molecules having a
terminal double bond; in those molecules having an interna]
double bond the absorption for the cyclopropyl ring occurs at
a slightly higher wavelength, 9.81 microns.

ALKYL CYCLOPROPYL KETONES

The alkyl cyclopropyl ketones were obtained as fragmenta-
tion products from the ozonolysis of the 2-cyclopropyl-1-
alkenes. The methods of ozonolysis and hydrogenation of
the ozonide have been described in reference 32. In general,
the olefin was dissolved in 100 to 150 milliliters of absolute
alcohol and an oxygen-ozone mixture containing from 5 to 10
percent ozone was passed through the solution until all the
olefin had been converted to ozonide. The ozonide solution
was then transferred to a low-pressure hydrogenation
apparatus, and the ozonide decomposed with hydrogen in the
presence of & palladium catalyst to give the alkyl cyclopropyl
ketone and formaldehyde. The alkyl cyclopropyl ketones
were identified by their physical properties and by analysis of
their 2, 4-dinitrophenylhydrazone derivatives. The quanti-
ties of oleﬁn used, the ylelds of the alkyl cyclopropyl ketones,

and the melting points of the 2,4-dinitrophenylhydrazone
derivatives are given in the following table:

Melting polnt
§ Olofin, | Akl ovelo- [ vyq | Gt3 s afiitro- | Refer-
2-Cyclopropyl-l-alkene = | /1.y pm&%{f"‘ pereent phcnylhgdm- once
zono,

] 002 1 1- D 0.3 Methyl...._. (;3 148, 6-149.2 3

tene .28 Ethyl_ ...... 160, 4-160. & 3

-pentene. .48 {3 ...... 43 165, 0-366. 5 H

.8 Batyl....... 75 114.5-118.0 H

-3-methyl-1-butene. ____._ .3 Isopropyl... 42 187, 5-188.0 35
= The structures of the propy:; lz—alkenw were also proved by ozonolysis; only those

alk:enes yieldingggdopro tonesare listed pro v v v

ed at the bofling temperatum of the ketone making 1t difcult to

determlne the ylald of the ketone.

The infrared spectra of the alkyl cyclopropyl ketones are
shown in figure 8. All show strong absorption at 5.9 microns,
which is characteristic of the carbonyl group. With the
exception of methyl cyclopropyl ketone, all show character-
istic absorption for the cyclopropyl ring between 9.75 and
9.80 microns; cyclopropyl ring absorption in methyl cyclo-
propyl ketone occurs at 2 lower wavelength, 9.69 microns.

2-CYCLOPROPYLALKANES

The 2-cyclopropylalkanes were prepared by hydrogenating
the 2-cyclopropyl-1- and -2-alkenes in the presence of a
barium-promoted copper chromite catalyst. The 1l-alkenes
and 2-alkenes were hydrogenated separately, because the
position of the double bond was found to affect the ease of
hydrogenation and the yields of products. In general, the
olefin, an equal volume of ethanol, and a quantity of the
catalyst equal to 10 percent of the weight of the olefin were
put into the hydrogenator, and hydrogen was admitted to
between 1500 and 1800 pounds per square inch gage. The
hydrogenator rocking mechanism and the resistance heaters
were turned on,'and the vessel was heated to 100° C. The
2-cyclopropyl-1-alkenes hydrogenated readily at this tempera-
ture, the heat of reaction generally raising the temperature to
between 120° and 130° C. The 2-cyclopropyl-2-alkenes
hydrogenated sluggishly even at 130° C, and, in some
instances, the reaction temperature was mcreused to as high
as 175° C in order to obtain more rapid hydrogenation. The
reaction conditions and the yields of products are summar-
ized in the following table:

Olefin Ir.eauttiob?meondi- Estimated composition of produots
o Tom- | FXU | o0yclo- [Welght Wolght,| Re-
2- o- pera- aure, 4 4
X propyl- per- | Methyhlkano | per- er-
propylatkene "'36"’ Ib/sqin.| ‘alkane cont cent | enco
gage
-propene....| 100-130 | 1,500 | -propane...| 98 Z-Met&yl- 2 37
ntano
-1-butene._..| 100-130 | 1,600 | -butane....| 99 &htothyl- 1 37 -
cXAN0
-2-butene. | 110-130 | 1,500 |.---- do..... 72 leces- A0unemamnne s15 37
-1-pentene_._| 100-110 | 1,500 pentane_ 09 4-Methyl- 1 37
hcé)mno
tene_..| 120-130 | 1,760 |..... do._..| 71 )o-._. (/O 817 37
~1-hexenb._.{ 100-120 | 1,500 | -hexane..... 99 4—M&I‘;lhyl~ 1 37
octano
-2-hexene....| 150-175 | 1,500 |...._ do..__.. 70 Jaca-o {1 { SO 810 37
3-methyl- | 100-140 | 1,850 | -3-methyl 09 2,3-Dlmethyl 1 a5
1-butene butane. hexano,

= Unhydrogenated olefln was found in the product from each of the 2-alkencs.

These date and the distillation curves shown in figure 9
indicate that the hydrogenation of the 2-cyclopropyl-1-
alkenes yields the corresponding 2-cyclopropylalkanes in
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() 2-Cyclopropyl-2-pentene, high bolling.
of the paraffinic hydrocarbons would be obtained also from

(g) 2-Cyclopropyl-2-butene, low bofling.

(h) 2-Cyclopropyl-2-butene, high boiling.

() 2-Cyclopropyl-2-pentene, low bofling:

(k) 2-Oyclopropyl-2-hexene, low bolling.

() 2-Oyclopropylk2-hexene, high bofling. B
Fi16URE 7,—Infrared spectra of eyclopropylalkencs. Liquid phase; 0.1-millimeter cell.  Upper trace, dfluted 1:10 with earbon tetrachloride; lower trace, undiluted.

Wavelength, microns

A

purities between 98 and .99 percent, whereas the hydro-
genation of the 2-cyclépropyl-2-alkenes yields also significant

() »2:Oyclopropyl-3-methyl-1-butene.

(8) Vinyleyclopropane.

(b) 2-Cyclopropylpropene.
(0) 2-Cyclopropyll-butens.
(d) 2-Cyclopropyl-1-pentene.
()] 2-Cyclopropyl-1-hexene.

the hydrogenations of the 2-cyclopropyl-l-alkenes. The

data support the proposal made in reference 28 that systems
in which a cyclopropyl ring is conjugated with a double hond

can add hydrogen by either & 1,2- or & 1,4-mechanism.

.

quantities of paraffinic hydrocarbons. The paraffinic hydro-
carbons do not appear to result from hydrogenolysis of the

eyclopropyl ring, because if this were the case, larger amounts

321605—55——17
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Purification of the 2-cyclopropylalkanes was difficult in
those experiments in which methylalkenes were formed, ‘ Azeotrope
because the boiling points of the paraffinic hydrocarbons Oyclopropylaliane an, | Entratner | a%, Polling
. i nt, pg,lnt,
'00 IRA N RN -3 o
dReareyas i . H
80 ] ) s 2-Oyclopropylbutane. . Ethanol.....| 1.3614 | 1.3862 70
7 iy 1 2-Oyclopropylpentans. 1.4112 | Propanol.__.| 1.3854 | 1.3073 a3
60 | 1 ! | 2-Oyclopropylhexane. . 1.4178 | Ce Ive...| 1.4070 | 1.4117 120
H ] 2-Oyclopropylhexane. . ] 14178 | Butanol.._.-| 1.3002 | 14058 | 118
20 2-Oyclopropyl-3-methyibutane | 1.4140 | Propanol....| 1.3854 | 1.3999 L]
1 19 i L} .
20/ L F
ootk R H o ; Purifications of the 2-cyclopropylalkanes were considered
2 4 6 8 10 12 14 16 L
complete when (a) the melting curves of selected samples
100grg7 —_— _— : - - were, interpreted to be indicative of purities of better than
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(8) Methyl cyclopropyl ketone. - Cw ll
(b) Ethyl oyclopropyl ket 142 500 2~ Cyclopropylhexenes
(o) Propyl cydopropyl ketone. f——ot+——op—o—P—0—] -ooo—aon-o—nm—cp—ﬂ-db*?
(d) Isopropyl cyclopropyl ketone. 1618
. Butyl 1 ketone. 000
~ © Butylestlopropy L3165 720 —20 50 100
F1GURE 8.—Infrared spectra of alkyl cyclopropyl ketones. Liquid phase; 0.1-miliimeter cell. Distillate, percent by weight
Upper trace, dllutefi 1:10 with carbon tetra de; Jower trace, undiluted. F1aurE 9.—Distillation of products from hydrogenations of 2-cyclopropylalkenes,
were within 2° C of the corresponding cyclopropylalkanes. ,

- Azeotropic fractionations with appropriate entrainers were | 99 mole percent, or (b) repeated fractionations and azeo-
found to be effective for separating the close-boiling mixtures. | tropic fractionations through columns rated at better than
Pertinent date for the azeotropic mixtures are given in the | 150 theoretical plates gave no significant changes in refractive
following table: . ’ index and density of the hydrocarbons. ‘
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(a) 2-Oyclopropylpropane.
(b) 2-Oyclopropylbutane.
(c) 2-Oyclopropylpentane.
(d) 2-Cyclopropylbexane,
(e) 2-Cyclopropyl-3-methylbutans.

F16URE 10,~Infrared spectra of 2-cyclopropylalkanes. Liquid phass; 0.1-millimeter cell.
Upper trace, dfluted 1:10 with carbon tetrachloride; lower trace, undiluted.

The physical properties of the 2-cyclopropylalkanes are
presented in the following table; previously reported prop-
erties are also referenced.

Although the purities of only two of the 2-cyclopropylalkanes
could be calculated, it is believed that the other three hydro-
carbons are of similar purities.

The infrared spectra of the 2-cyclopropylalkanes are
shown in figure 10. All the spectra show characteristic
cyclopropyl ring absorption at 9.82 microns,

o}
ining t- Blgi]-
’ Melting Esti- &
2Oyclo- | Melting | point | POI* | mateq | Point o, | et heat
propyl- point, | for zero pe; parity, | cen | n%% » | of com-
alkane °C” |impurity,| D | mols"| X g/ml | bustlon,
C of im- | percent 101 '
pu%w,
-propane...| —112.97 1=—11283 | v (0. 28 09.0 | 58.31 | 1.3885 0. 69858 900
ef, 28___._ =118.8 | —115824 .20 85 58,7 {1.3833 | .6889 (..__....
-butane__._| Glass | ________ | oo coooo 90.98 | 1.4024 | . 72830 1,045
-pentane.._| —118.46 (2 2 R [ 117.74 | 14111 | . 74294 1,200
-hexane_.___| —08.04 | =—07.99 4,20 99.7 |142.95 | 1.4178 | . 75438 1,350
3-methyl- | Glass | | ool ool 115.49 | 1.4140 | . 75028 1,200
butane
s Determined by geometrical method of reference 41.
b Determined by ad known smounts of 2-methylpentane.

e Melting curve was not of sufficlent duration to make calenlation valid.
4 Determined by dlng Eknown amounts of 4-methyloctane.

CYCLOPROPYL CHLORIDES

Cyclopropyl chloride, 1,1-dichlorocyclopropane, and trans-
1,2-dichlorocyclopropane were isolated from the reaction
products of the photochemical chlorination of cyclopropane
A sketch of the photochlorination apparatus is shown in
figure 2. In a typical reaction the source of illuminatiop
(two sun lamps) was placed 11.5 centimeters from the
reaction chamber and the cyclopropane was passed through
the reaction chamber at a rate of about 0.12 mole per minute.
Chlorine was then added at a rate of about 0.046 mole per
minute. The gases were passed through "the reaction
chamber simultaneously for 6 hours, and at the end of this

period the amount of cyclopropane used was 44.4 moles

(1866 g), and the amount of chlorine 16.2 moles (1148 g).
The excess cyclopropane was distilled from the products,
and the products were then combined with the products
from eleven similar chlorination experiments. Distillation
of the combined products g&ve the data plotted in figure 11.
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g °°°°°7 <
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Distillate, percent by welghi

F1GURE 11.—Distfllatlon of products from photochlorination of cyclopropane,
Total distillate, 8185 grams; reaidue, 615 grams,
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From these date and subsequent fractional distillation data,
the following composition of the chlorination products was
estimated: 52 weight percent cyclopropyl chloride, 24 weight
percent 1,1-dichlorocyclopropeane, 2 weight percent trans-1,2-
dichlorocyclopropane, 2 weight percent of a compound
believed from its physical properties to be 1,1,3-trichloro-
propane, and 20 weight percent of & complex mixture of poly-
halides which could not be separated by fractional distilla-
tion.

The cyclopropyl halides were purified by refractionation
at efficiencies of 50 to 60 theoretical plates. The physical
propertles of the purified halides are compared in the follow—
ing table with those values previously reported:

At Boiling
Oyclopropy1 halide ot oG | BmtSt | mp | awgml

Hg, °C
Cycl ropyl chloride. 4 »—97.68 43.43 1.4108 0. 9962
4? -R .................................... 43 b 1.4070 b 0800
l l-chhlorocyclopropane ............. 2—37.47 75. 56 1. 4400 1.2168
)'ﬁi&iﬂ rocyelopro 18,74 §75'g4 bi% bizmm

lram 1,2 01 op'mpune ........ — .

. 43). —10.5 | &n.2 |vLis02 |vi2d0

» Freoziué: point, °C.
b At 25°

The infrared spectra of the three chlorinated cyclopropanes
are shown in figure 12; the absorption baund characteristic of
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. @ Crelopropyl chloride.
(b) 1,1-Dichlorocyclopropane,
(¢) trans-1,2-Dichlorocyclopropane.

F1aurE 12—Infrared spectra of oyclopropyl chlorides. Liquid phase; 0.I-millimeter cell.
Upper trace, diluted 1:10 with carbon disulfide; Iower trace, undiluted.

the cyclopropyl ring is seen to shift from 9.73 microns
(cyclopropyl chloride) to 9.66 microns (1,1-dichlorocyclo-
propane) as the number of chlorine atoms is increased. The
absorption shifts to even lower frequency when the two

chlorine atoms are on different carbon atoms (9.58 microns
in trans-1,2-dichlorocyclopropane).

DICYCLOPROPYL

The reaction of cyclopropyl chloride with lithium or
sodium was used to prepare dicyclopropyl. The reaction
was tried with lithium both in methyleyclohexane and in
ether, and with sodium in ether. In general, the chloride
was dissolved in the reaction solvent and added to a suspen-
sion of the metal in the solvent contained in a flagk equipped
with a stirrer; a reflux condenser, and an addition funnel.
All reactions were carried out at 25° to 35° (. Other
reaction conditions and yields of products are summarized
in the following table (ref. 38):

Yields of products,
Chlo- Motal, Heac- percent
ride, Alkali metal | gram- Solvent time
moles atoms days' Oyolo- | Dioyelo-
propane | propyl
] Sodiom..._....| 2 Ether. ccceecaccaaaen 5 40 10
~ 2 Lithiom.______ 20 J....- L [ SN 10 42 12
S (s [, N, 4 Moethyloyclohexane . 7 None Nono

These data indicate that the reaction with sodium or lithium
in ether gives approximately the same yields of the two
products listed in the table. The fact that no reaction was
obtained in methylcyclohexane solution clearly indicates
that the solvent in some manner influences the course of the
reaction.

Although cyclopropane and dicyclopropyl were the prin-
cipal reaction products, trace quantities of two other hydro-
carbons were detected in the crude reaction product by
means of infrared spectra. The infrared evidence indicated
that one of these hydrocarbons was 1-hexyne; the other was
not identified.

Dicyclopropyl was purified by extracting the hydrocarbon
with an ice-cold saturated solution of silver nitrdte to remove
the unsaturated impurities, passing the extracted hydro-
carbon through silica gel, and, finally, azeotropically frac-
tionating the hydrocarbon with ethanol through a Podbiel-
niak column. The purified hydrocarbon had the following
physical properties: ,

Melting point, ®C o inccaamm—aaae —82, 62

Boiling point &t 760 mm Hg, °C. . _ . ... 76. 10
Refractive index, n¥p o e ceamaaaa- 1. 4239
Density, g/ml e e an 0. 78079
Net heat of combustlon, kcal/mole _______ e e 885

The infrared spectrum. of dicyclopropyl, shown in ﬁgluo
13, has a strong absorption band at 9.82 m1c1ons, which i
characteristic of the cyclopropyl ring.
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FIGUEE 13.—Infrared spectrum of dioyclopropyl. Liquid phase; 0.1-millimotor coll.
Upper tracs diluted 1:10 with carbon tetrachloride; Jowor traco, undiluted.
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SPIROPENTANE

Spiropentane was prepared by the debromination of
pentaerythrityl tetrabromide (ref. 44) with zinc dust in the
presence of sodium carbonate and sodium iodide. The re-
action was conducted by adding small portions of the pow-
dered tetrabromide to a slurry of the zinc dust, sodium car-
bonate, and sodium iodide either in molten acetamide or in
75 percent ethanol (ref. 39). The hydrocarbon product was
distilled from the reaction mixture as it formed, and was col-
lected in receivers chilled with & mixture of solid carbon
dioxide and acetone. In addition to spiropentane, two other
hydrocarbons were obtained from the reaction, namely,
methylenecyclobutane and 2-methyl-1-butene. Some typi-
cal experiments are summarized in the following table
(ref. 39):

- Reactants, moles Yields of products, percent
Bolvent Penta-
Sodium 8piro- | Methyl-
erythrl- Sodium| 2-Methyl-|
I tetra-| 2I0¢ ea;btgu- fodide g‘; eggan:' 1-butene
rom{de
Ethanol....c..... ] 20 5 Q.83 21 43 12
DO.errrenmnen- ] 20 5 .83 22 44 12
Acetamlide......... 1 6 1.2 16 22 4 11

These data indicate that the reduction in either solvent gives
nearly identical yields of spiropentane, but that the reduction
in ethanol gives ten times the quantity of methylenecyclo-
butane as the reduction in acetamide. For preparations of
sufficient size so that precise fractional distillations can be
employed to separate the products, reduction in ethanol is
the preferable method, especially if methylenecyclobutane
as well as spiropentane is desired. For small preparations of
spiropentane, the reduction in acetamide may be more suit-
able (vef. 45). )

The physical properties of spiropentane are given in the
following table with those values previously obtained:

Boiling point’
Freezln,
Hydrocorbon n%p d¥, gfml
4 point, °5 Tempera- | Pressure,
’ tare, °C mm Hg
Spliropentane...... —107,06 38.84 760 14122 0.7561
)17 A F S BN 38,3-38.5 750 1.4117 .755

The infrared spectrum of spiropentane is shown in figure
14. The absorption band characteristic of the cyclopropyl
ring is located at 9.54 microns, a shorter wavelength than in

.
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FIGURE 14,—Infrared spectrum of spiropentane. Liquid phase; 0.1-millimeter coll.
Upper trace, diluted 1:10 with carbon tetrachloride; lower trace, undiluted.
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any of the other compounds prepared in the present in-
vestigation. Such a shift in the absorption is not entirely
unexpected, because the force constants in the spiro structure
would be different from those in the other cyclopropanes.

DIETHYL CYCLOPROPANE-L,1-DICARBOXYLATE

The diethyl cyclopropane-1,1-dicarboxylate was prepared
by the method of reference 46 in which a solution of sodium
ethoxide, obtained by dissolving 365 grams (16.5 g-atoms)
of sodium metal in 5500 milliliters of absolute ethanol, was
added dropwise to a mixture of 1275 grams (8 moles) of
ethyl mealonate and 1550 grams (7.2 moles) of ethylene.
bromide. The products of the reaction were distilled at 10
millimeters of mercury pressure, and the material boiling
between 80° and 120° C was collected for subsequent frac-
tionation at about 50 theoretical plate efficiency at atmos-
pheric pressure. The yield of diethyl cyclopropane-1,1-
dicarboxylate was 495 grams (33 percent). Several frac-
tions of constant refractive index were combined and passed
through silica gel in order to obtain the sample used for the
determination of physical properties and infrared spectrum.
‘The physical properties are compared in the following table
with values previously reported:

Boiling point -
Mell
Lln% nv, d», g/ml
point, °C | pampery. | Pressure, | . '
ture, °C | mm Hg
Diethyl opropane-1,1- | —47.05 217.4 760 1.4310 1.0565
dwarboxgﬁe. ’

Ref. 47. 114 22 1.43310 1.0815

The infrared spectrum of diethyl cyclopropane-1,1-
dicarboxylate is shown in figure 15; strong absorption is
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FIGURE 15.—Infrared spectrum of disthyleyclopropane-1,1-dicarboxylate. Liquid phase;
0.1-milimeter cell. Upper trace, diluted 1:10 with carbon tetrachloride; lower tracs,
undiluted.

observed at 5.8 microns, the region in which carbonyl groups
absorb strongly, and also at 9.70 microns. The 9.70-micron
bandisundoubtedly that band characteristic of the cyclopropyl

INFRARED ABSORPTION CHARACTERISTIC OF
CYCLOPROPYL RING

The difficulty in establishing the presence of the cyclo-
propyl ring in organic molecules by chemical means has
promoted interest in identifying the presence of the ring by
infrared techniques. Infrared absorption bands in three
regions of the spectrum have been propédsed to offer 2 means
of identifying the cyclopropyl ring. In reference 4 bands at
9.75 and 11.55 microns were employed. The authors of
reference 48 found that in the spectra of 14 cyclopropane
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hydrocarbons a strong band was present between 9.8 and
10.0 microns, but that strong absorption. did not occur-con-
sistently at 11.6 microns. It was reported recently in refer-
ence49 that a study of the 3- to 4-micron region with a lithium
fluoride prism disclosed that all the cyclopropane derivatives
investigated had absorption bands at 3.23 and 3.32 microns
which were characteristic of the C—H vibrations of the cyclo-
propyl ring system.

The infrared spectra of the 34 cyclopropane derivatives
reported herein have been examined in each of the three
regions proposed previously. Unfortunately, a ecritical
examination of the 3- to 4-micron region could not be made
in the present work, because the sodium chloride prism, em-
ployed in determining the spectra, does not give sufficient
resolution to separate both the 3.23- and 3.32-micron cyclo-
propyl ring C-H bands from other carbon-hydrogen bands
in this region. An examination of the spectra of the diluted
samples does disclose that many of the cyclopropane deriva-~
tives have bands at 3.234-0.02 microns and at 3.33+0.02
microns. In compounds such as vmylcyclopropane, dicyclo-
propyl, cyclopropyl chloride, and spiropentane, in which
there is little interference from carbon-hydrogen bands other
than those of the ring, the 3.23- and 3.32-micron bands show
up clearly (table I).

Nearly all the cyclopropane derivatives show strong
absorption between 11 and 12 microns; however, the posi-
“tion of the absorption which might be characteristic of the
cyclopropyl ring is difficult to determine because of the
broadness of the absorption. Interfering absorption from
certain olefinic structures also occurs in this region.

The absorption which appears to be most promising for
determining the presence of the cyclopropyl ring is that used
in reference 48. In the spectra of all the cyclopropane
compounds prepared in the present investigation, a strong
band was observed at 9.7 to 9.8 microns (table II). In
only a few instances was the band shifted appreciably from
this region,- and in these instances, for example, in spiro-
pentane and in {rans-1,2-dichlorocyclopropane, the shift
in absorption is not entirely unexpected. Not only is the
absorption strong in the undiluted spectra, but it is per-
sistent also upon dilution.

MOLECULAR REFRACTION OF CYCLOPROPANE
DERIVATIVES

The experimentally observed molecular refractions of
cyclopropane compounds .are generally higher than those
calculated from the atomic and group refractivities. This
difference in observed and calculated values was interpreted
by Tschugaefl (ref. 50) to result from 8 contribution to the
refraction by the three-carbon ring structure. From a
comparison of observed and cealculated refractions of three
cyclopropane derivatives and several bicyclic terpenes
which had three-carbon rings in their structures, Tschugaeff
estimated the magmnitude of the ring contribution to be
about 0.7. A more comprehensive investigation by Ostling
(ref. 51) yielded  a value which agreed well with that of
reference 50. Subsequent investigations, however, showed
that the difference between observed and calculated molec-

" ular refractions varied considerably among different classes

of cyclopropane derivatives and even among members of the
same class (refs. 26, 27, and 52). Data obtained in thc
present work (table I1I) also showed this variation in AMp.

. The lack of agreement among the AM, values from variou.
classes of cyclopropane derivatives and even among member.
of an homologous series is not surprising. It must bc
assumed in determining ring contribution by this procedurc
that the atomic and group refractivities are truly constant
and additive. Atomic and group refractivities, however.
are constant and additive only within limitations (rof. 53)
and as the character of the atoms or groups in the structurc
is varied, the atomic and group refractivities also vary
Consequently, AMj5 reflects not only ring contribution, but
also deviations from constancy of the atomic and grour
refractivities used to determine the calculated moleculal
refractions.

In a recent investigation, Jeffery and Vogel (ref. 47) em-
ployed a procedure for determining ring contribution that
reduces the effect of inconstancy of atomic and grouf
refractivities. The observed molecular refraction of a
structurally similar acyclic compound is subtracted from thc
sum of the observed molecular refraction of the cyclo-
propane compound and two hydrogen atomic refractivities:

(’Jg\, /R’ cg, R
l o 4 m_l oft
ﬁ, \R" H, \R

From date obtained principally with alkyl cyclopropanc
mono- and dicarboxylates, the ring contribution to the
molecular refraction was calculated to be 0.614 (vef. 47).

Vogel’s procedure has been used in the present work tc
determine the ring contribution in the cyclopropylalkanes and
in some of the cyclopropylalkenes (table IV). A nearly con-
stant value for ring contribution among the cyclopropyl-
alkanes is obtained by this procedure in contrast to the
inconstant AMp in table III for the same compounds. Al-
though Vogel’s procedure minimizes the effect of environment
on the atomic refractivities of carbon and hydrogen, the dis-
crepancy between the ring contribution obtained with.the
cyclopropylalkanes and that obtained with the cyclopropanc
carboxylates, 0.44 and 0.614, respectively, indicates that
the nature of the ring substituents also influences the ring
contribution. While it may be said that the compdund:-
used by Vogel are capable of conjugation between the cyclo-
propyl ring and the carbonyl double bond, and that the
value 0.614 includes exaltation due to con]ugatlon, never-
theless, environmental factors influence the combined effects
of ring contribution and conjugation as indicated by the
data in table IV*for the cyclopropylalkenes, mothyl cyclo-
propyl ketone, and diethyl cyclopropane-1,1-dicarboxylate.

Because-of the varying influence of the substituent group.
on the cyclopropyl ring, it is doubtful that any of the pro-
posed values will adequately express for all structures the
contribution of the cyclopropyl ring to the molecular refrac-
tion. The calculation 6f molecular refraction of cyclopro-
pane derivatives can, therefore, at best give only an approxi-
mation of the observed refraction.

= Ring contribution
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CONCLUDING REMARKS -

The methods of synthesizing and purifying 34 hydrocarbon
and nonhydrocarbon derivatives of cyclopropane were dis-
cussed, and the physical properties and the infrared spectra
of each of the compounds were presented.

It was found that a series of cyclopropylalkenes could be
prepared by dehydrating appropriate alkyl- or methylalkyl-
cyclopropylearbinols, either with concentrated sulfuric acid
or with alumina at temperatures between 200° and 300° C.
Furthermore, in the presence of a barium-promoted copper
chromite catalyst, the cyclopropylalkenes were catalytically
hydrogenated to the corresponding cyclopropylalkanes.
The position of the double bond was found to greatly influ-
ence both the ease of hydrogenation and the yield of produects.
The cyclopropyl-1-alkenes hydrogenated readily at 100° C
to give the corresponding cyclopropylalkane and only 1 to 2
percent of paraffinic product, whereas the cyclopropyl-2-
alkenes hydrogenated sluggishly even at higher temperatures
to give 15 to 17 percent of paraffinic product in addition to
the cyclopropylalkanes. In the hydrogenation experiments,
additional evidence was found to support the proposal that
conjugated cyclopropylalkenes can add hydrogen by both a
1,2- and o 1,4-mechanism.

chyclopropyl the smallest of the dlcychc hydrocarbons,
was prepared for the first time. Spiropentane, the smallest
of the spiro hydrocarbons, was also prepared.

Infrared absorption bands characteristic of the cyclo-
propyl ring were discussed, and some observations were made
on the contribution of the cyclopropyl ring to the molecular
refractions of cyclopropane derivatives.

Lewis FrigeT PropULsSION LABORATORY
Narronan Apvisory COMAMITTEE FOR AERONAUTICS®
CreveLanD, Onro, August 15, 1952
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TABLE I.—CARBON-HYDROGEN ABSORPTION BANDS IN INFRARED SPECTRA OF CYCLOPROPANE DERIVATIVES

Wavelength, microns
Cydopropane derivatives
3.21-3.25 3.26-3.30 3.31-3.35 3.36-3.40 3.41-3.45 3.48-3.80 3.51-3.55
2-Cyclopropylpropane. - oo ceecomomomememceaeee 3.4 3.37
2-Cyclopropylbutane ——— .25 3.38
2-0yclopmpy L5111 - U, 3.2 3.38
2-Cyclopropylhexans___._..._._ 3.38
N 2-0yclopropyl-3-methylbutaue ..... 3.40
Vinyleyclopropane. . - 3.25
2-Cylalopropyipropens. o oo 3.22 3.38s
2-Cyclopropyl-1-butene, - 3.2 3.37
2-Oyolopropyll-pentene. .. oo oeooaecncmmaaaen 3.2 3.87
2-Oyclopropyll-hexene. . oocoooomecnmcaamcmnnce| cecomeeee | 337 | 3368 1 oo
2-Cyclopropy) I-S-methyl-l-butane. - 3.24 3.87
 2-Oyclopropyl-2-butene (L b, )... - . %), S (PR I 55: - T I
2-Oyclopropyl- 2-gen - 13- S (R R 5 T [
2-Oyclopropyl-2-hexene (1. b. ) ................... 3.25 3.39
2-Oyclopropyl-2-butene (h. b.) .o cocemem oo 3.24 | cemmeee | 882 | .
2-Oyclopropyl-2- -ge.ute.ua (h.b) oo 3.24 3.37
2-Cyclopropyl-2-hexense (h. b.) 3.40
]S)plropentaue PR 3.38
lcyclopropyl ...... - 324 3.40
Meth; 1 opropylearbinol.... - 3.25 3.37 =
Dime opropylearbino}. oo oooooooooo| o0 ] 330 | el ] e
Methy! e ylcfvc dpropylcarbinol_ . 3.25 8.37
Methy opropylearbinal 3.40
Mothy, uty oyclopmpy [S:000)1(T°) U IRV - 157 SR (R [
. Methy lsepropyleyclopropylearbinol oo oooo | acoceaae- R R T
ropyl cmoﬂde-.--.-.-_-_-..___; ......... 3.23
l 1~D orocyclopro .
lrana-l, 2-Dichlorocy 3.25s -
Methyl cyclopropyl ketone 3.24 3.38
Ethyl ch]Oprop? ketone 3.38
{1 oyclopropiﬂ detone... 3.40
Butyl eyclopropyl ketone.... 3.24 3.38
Isopropyl eynloprropyl ketone. 3.22 8.36, 3.40
Dlethyl cyclopropane-1, 1-dicarboxylate 3.38s 342 | e ORI,

» The symbol # denotes band which shows only as a shoulder on a stronger absorption.
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TABLE IIL.—CHARACTERISTIC ABSORPTION IN INFRARED TABLE IIL—MOLECULAR REFRACTIONS OF
FOR CYCLOPROPYL RING CYCLOPROPANE DERIVATIVES
Wavelength ) b b
Cyclopropane derivative 7 microns Cyclopropane derivative fg‘]’&) (‘g);.) AMg
2.Qyclopropyl 9.82 2-Cy 1propans e 8 , 46
2-Oyelopropyl Bflotane. 9.82 oygllgg:gggl tane__ 32;.% %g 0.3‘2
D ——— S8 2 Oy doprorylpentane ik | Bk B
2-Cye nopropyla‘i-methylhnbmﬂ 2.83 2.o§’38$$wmaﬁ§maaaa:: """""" 31.18 | 37.37 | .19
. Vinylcyclopropane 8.77 yloyclopropane. . .oo_oo.——... 22,75 | 23.60 | 0.85
propylpropens. ... 8.77 2.ch1 rogryopmmnn 27.40 | 27.08 .88
2-Cyclopropyl-1-butens 9.78 2.ch]opmp‘y] -1-butens 32,06 | 3248 41
2-Cyclopropyl-1-pentene. 0.78 2-Cyclopropyl-1-pentene 36,70 37.12 42
2-Cyclopropy}l-1- 9.79 . 2-Cyclopropyl-1-hexene. 41,34 | 4L.75 .41
2-Cyclopropyl-3-methyl-1-butene. - 9.78 2-Oyclopropyl-3-methyl-1-butene. ... 370 | 37.00 .38
2-Cyclopropyl-2-butene (L. b.)_...._ - 9.82 2-Cyclopropyl-2-butene (1 b.) ..o vovmmwmeeean 32.06 | 3263 | 0.58
2-Cyclopropyl- 2-pentene 0. 8 R ———. 9,80 zcydogmgl-z-gentene (1. b.)- 36.70 | 37.47 .
2-Oyelopropy}-2 b) 9.82 2-Cyclopropy}-2-hexene (1. b.).. ‘4134 | 4211 .
2-Oyclopropyl-2-butene (h. b.) .............. 9. 80 2-Oyclopropyl-3-butene (h b ) 3205 | 3266 | 0.01
2-Oyclopropy]-2- Em 9.80 zo?mEm% K 36.70 | 37.45 .76
2-Oyclopropyl-2-hexene (h b) 9.80 2-Cyclopropyl- zﬁ&m ).- 41.34 | 4213 .79
Splropentanse._ _ 954 Spiropentane. 21,18 22,45 1,27
Dicyclopropyl. 9.82 Dxcyaopropyx 25.83 | 26.53 .70
Methylcﬁdo pylearbinol .75 learbinol. . 2475 | 2512 | 0.37
Dimethyley pmpylcarbhml_ ............... 0.78 Dlme cyd oy calrmr‘}]ﬁnn 20,40 20,05 .25
Dethylethyloyclopropylearbinel 9.77 Methy]ethyl pylcarbi 34.05 34,25 .20
Methylg;o { opropylearbinol. ____________ 9. T8¢ Methylprop. clycy‘:lpr0 lcarbinol . 38.69 38.86 .16
Met.hyl tyleyclopropylearbinol._._____ 9.80 ethy]gm chclopropy carbinol. . 43.34 | 43.48 .14
ylisopropyleyclopropylearbinol 9.76 Maethylisopropyleyelopropylearbin 38.60 | 3804 | —.06
Cyclopropyl chloride. - o oL 9.73 1 chloride. - v 18.76 19.07 0.31
1,1-Dichlorocyclopropane. .. ... 0.66 Oicl‘)pmgr’;,cyn]opmmnn 23.57 24.06 .40
trans-1,2-Dichlo; opropane._ .. 8.58 trana-l,z-Dich]orocyﬁopropane ............... 23.57 | 24.00 .49
Methyl oycloptropyl ketone. ... 8 | ¢ | | Methylcyclopropyl ketone.-.o-eeemeeeeen.
& ﬂ:yl’ioyclct;pmpy gt?:—"“ &g 4 Methyl cyclopropyl ketone 23.34 23.04 0,60
cycloprop. 8 [:] - | Dlethyl ecyclopropane-1,1-dicarboxylate...._. . e
¥O‘YCIOPYODY stene.......- - - o5 Diethyl eyclopropane-1,1-dicarboxylate 44.93 | 46.77 | 0.84
Igopropyl cyclopropyl ketone._ ... ..ceoo_.__ — 9.78
Dlothyl oyclopropanciLL boxylate. - .. o710 :Aztim!c and group refractivities of reference 54 were used.
n—1. . m
n’—l-zx Fi Mz (observed).

TABLE IV.—CONTRIBUTION OF CYCLOPROPYL RING
TO MOLECULAR REFRACTION

N C\ /R’ . C\ R’
Ring contribution= (o] + 2Hs— Oﬁ
BII HJ RII
T .
Mg - Mzb R.L%
Cyclopropane derivatives (obs.) Aliphatic compounds (obs.) goxz1 -
ution
2-Oyclopropylpropane. ... ... 28.33 | 2Methylpentane._____| 20,05 | 0.4
ZOydoprogyIB teny tane.._...| 32.85 | 3-Methylhexane.._. -l 3447 .44
2-Cyclopropylpentane. ... 37.51 | 4-Methylheptane... 39.12 .45
clopropy]:3—methy1bu~ 37.37 | 2, 3-Dimethylhexane_ 38.99 .44
2-Cyclopropylhexane ... 42,14 | 4-Methyloctanse. ... 43.77 .43
Dicydopropyl. oo | 28.53 | mn-Hexane..._____________ 29.91 37
, Vinyleyclopropane ... 23.60 | 1-Pentone. ..cccoeacen-- 24.83 | =0.83
2-Cycloprop; m;ipm o.——..| 27.88 | 3-Meth l-l-pentane_.__.. 29,42 °.62
2Oyclopropyl-1-butene._.__ 32.46 | 2-Ethyl-i-pentene_____ 34.0 LEY ]
Methyl cyclopropyl ketone_| 23.94 | Methyl propyl ketone___| 425,25 | <0.75
Diethyl cyclopropane-1, 1- | 45.77 | Diethyl ethylmalonate._| © 47.07 «0.77
dicarboxylate. ’

'Atom.{crefmettonforhydmgm taken from reference 54.
b From reference 55
¢ Includes ring contribution plus any exaltation accompanying conjugation.
, 4 From reference 56.
- « From reference 57.



